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ABSTRACT 
 
 
Automotive aerodynamic is the study of air flow characteristic around and 
through a vehicle during motion. In this project, a flow characteristic study is including 
pressure distribution on the car concentrating only at rear body. For any current car that 
has received aerodynamic attention, the contribution of the fore body to drag is usually 
small. The objectives of this project are to estimate the drag and find the optimization of 
rear shape of body at constant velocity 110 km/h by using aerodynamic simulation 
software that is Computational Fluid Dynamic (CFD). From the analysis by CFD, the 
force value is created as goal and from force value; drag coefficient can be estimated by 
using a mathematical equation. Before the analysis can performed, a geometrical model 
with different shape of the rear body must be created first by using Computer Aided 
Design software (CAD). By using design and shape variation by means of multiple rear 
slant angle and rear bonnet, analysis was done in CFD. From the data, coefficient of 
drag, CD was calculated for every shape and in order to get the optimization shape, the 
shape that has lowest value of CD was combined in a one model and then the model was 
simulate again in CFD. After simulation was done, the result gives the lowest value of 
CD and the objective to find the optimization of rear shape was successful achieved. 
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ABSTRAK 
 
 
Automotive aerodynamik adalah satu kajian tentang ciri-ciri atau sifat aliran 
udara pada sekitar badan kereta dalam berkeadaan bergerak. Di dalam projek ini, kajian 
adalah meliputi cirri-ciri aliran udara dan juga pembahagian tekanan yang dikenakan 
pada kereta tetapi tumpuan lebih diberikan pada bahagian belakang kereta sahaja. Untuk 
sebarang keadaan kereta yang telah menerima perhatian aerodinamik, sumbangan 
rintangan daya pada badan depan kereta adalah biasanya kecil. Objektif utama dalam 
projek ini adalah menentukan nilai pekali rintangan angin dan mencari bentuk belakang 
kereta yang optimum pada kelajuan 110 km/j dengan menggunakan perisian 
aerodynamic (CFD). Daripada analisis yang dijalankan dengan menggunakan (CFD), 
pekali bagi rintangan daya boleh ditentukan dengan persamaan matematik. Sebelum 
menjalankan simulasi, sebuah CAD model kereta dengan rekabentuk belakang kereta 
yang berbeza-beza diperlukan dan dibina terlebih dulu dengan menggunakan perisian 
CAD. Dengan menggunakan model kereta yang pelbagai bentuk, analisis telah berjaya 
selesai dijalankan dengan menggunakan perisian CFD . Daripada data yang diperoleh, 
pekali rintangan daya dikira bagi setiap bentuk dan dalam usaha untuk mencari bentuk 
belakang kereta yang optimum, bentuk-bentuk yang mempunyai nilai pekali terendah 
digabungkan dalam sebuah model kereta dan simulasi dijalankan semula dan hasilnya, 
pekali bagi bagi rintangan udara telah diperoleh.   
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 PROJECT BACKGROUND 
 
  This project is about study and analysis of rear car shape to find the optimization 
of rear shape and CD value of a car. This project involves sketching, drawing and 
simulating a geometrical model using different design parameter shape of rear slant 
angle and rear bonnet shape by using aerodynamic simulation software. This project is 
very important because it will study of the characteristic of flow of air around and 
through a vehicle. The flow over the part of any body moving through the air is easier to 
manage than the over the rear. To see the effect and to understand this flow, it must 
visualize a car moving through the air like experimental in wind tunnel but for this 
project, the analysis is based on aerodynamic simulation software.  
 
 Aerodynamics is the branch of dynamics that deals with the motion of air and other 
gaseous fluids and with the forces acting on bodies in motion relative to such fluids. 
Aerodynamics affects the motion of a large airplane, a rocket, or a kite flying high in the 
sky. Most everyday things are either caused by aerodynamic effects or in general obey 
the aerodynamic laws. A car driven in a road is affected by aerodynamic forces created 
and even in nature; birds can fly in air because of this relative motion between their 
wings and air. The aerodynamics of road vehicles will be expounded. Forces created by 
the relative motion of the vehicle through air that is drag force, lift force and down force. 
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The main concerns of automotive aerodynamics are reducing drag, and preventing 
undesired lift forces at high speeds. In this project, it will explain how the aerodynamics 
is influenced by changes in body shape especially for rear slant angle roof and rear 
bonnet of road vehicles around the body using aerodynamic simulation software. 
 
 
1.2  Problem Statement 
 
  The problem about this project is to analysis the flow occurred around of car 
with different shape of rear car body. It has been found that there is various design of 
body shape for roof and rear bonnet made from different car makers. Each shape will 
influence of the total drag of the vehicles. Drag will cause many problems on the 
performance of vehicles like instability, noise and vibration, also fuel consumption. So, 
the study of flow around of a vehicle is important to prove it and determine the 
optimization of the rear shape of vehicles. Using CFD analysis as a possible procedure 
were develop the drag estimation and aerodynamics studies on the body due to no wind 
tunnel in UMP. 
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1.3  Limitation 
 
  The main limitation for this project is to create a good geometrical model for a 
car. There is a quite difficult to get an exact measurement and dimension every inch of a 
car whereas CAD software like SolidWorks need an accurate dimension to build a 
model. So for the whole of a car body because the exact measurement.  Beside that, 
many parameters must be created first before can be analyzed in this project. 
 
  This project is only considering optimization for the rear body car with only 
three parameters there are rear slant angle, rear end bonnet angle and rear side bonnet 
angle. Also, this value of CD is only valid for normal maxima highway speed that is 
110km/hour or approximately 30.56m/s. The expectation result in this project may 
different from the actual. 
 
 
1.4  Objective  
 
1. To estimate the drag coefficient, CD optimization by using difference 
design of shape or rear body of car. 
2. To analysis and study of air flow characteristic on the rear bonnet and 
roof shape using Computational Fluid Dynamic (CFD) software. 
  
  
 
CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
2.1 INTRODUCTION 
 
The aim of this chapter is to give some overview information about the 
motorcycle dynamometer which in the subject of inertia roller. In this chapter, the 
explanations and some of aerodynamic histories, the previous research and findings, the 
theories are included. With a reference from various source such as journal, thesis, 
references books, literature review has been carry out to collect all information related to 
this project. Also it describe about the CFD software and performing analysis by this 
software. 
 
 
2.2 ROAD VEHICLES AERODYNAMICS 
 
2.2.1 History of Automotive Aerodynamic Technology 
 
The road vehicle industry started taking into consideration the aerodynamics of 
the vehicles in the early 1900. In the first stages of the development of self-propelled 
vehicles, the shapes and designs of the vehicles was inherited from horse driven 
carriages. The first automobiles however were moving with low speeds on bad roads. 
There was no need in examining the aerodynamic nature of a vehicle. The driver and 
passenger could be protected from wind, rain and mud with the simple, traditional 
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design of horse-drawn carriages. The increase of automobile speed resulted in the 
exposure of drivers and passengers to the airstreams. As a result the introduction of 
structural parts such as windscreens was developed to protect the occupants from 
airstream effects. Gradually the development increased always according to the needs of 
both the physics (aerodynamic effects) and art properties (shape, style) around a vehicle. 
 
A brief overview of the history of vehicle aerodynamics is summarized in Figure 
2.1. During the first two periods, the aerodynamic development was done by individuals 
who most of them came from outside the car industry. What they tried to do was to carry 
over the aerodynamic principles of the aerospace and naval industry to cars. The aircraft 
and ship designers found their originals from nature, birds and fish, upon which their 
designs were based. They tried to borrow shapes from aircrafts and ships because at that 
time they looked progressive to them. However it soon turned out to be the wrong 
approach and new concepts were introduced.  In the later two periods the disciplines of 
car aerodynamics was taken over by the car companies. The aerodynamic studies for car 
design were integrated to product design. Teams, not individual inventors, have been 
responsible for aerodynamics and they still are. 
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Figure 2.1: History of vehicle dynamic in passenger car 
 
The first automobile to be developed according to the aerodynamic principles 
was a torpedo-shaped vehicle that had given it a low drag coefficient but the exposed 
driver and out of body wheels must have certainly disturbed its good flow properties. 
However they ignored the fact that the body was close to the ground in comparison to 
aircrafts and underwater ships flown in a medium that encloses the body. In a car like 
this, the ground along with the free-standing wheels and the exposed undercarriage 
causes disturbed flow. 
 
As the years pass the studies on aerodynamic effects on cars increase and the 
designs are being developed to accommodate for the increasing needs and for economic 
reasons. The wheels developed to be designed within the body, lowering as a result the 
aerodynamic drag and produce a more gentle flow. The tail was for many years long and 
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oddly shaped to maintain attached the streamline. The automobiles became developed 
even more with smooth bodies, integrated fenders and headlamps enclosed in the body. 
The designers had achieved a shape of a car that differed from the traditional horse-
drawn carriages. They had certainly succeeded in building cars with low drag 
coefficient. (Dr. V Sumantran and Dr. Gino Sovran, 1996, Wolf-Heinrich Hucho, 1998) 
 
 
2.2.2 Rear end/rear bonnet 
 
Three types of rear end are common for cars, squareback, fastback, and 
notchback; in highly simplified form they are sketch in Figure 2.2. The main parameters 
for each shape are outlined; only those dominant for each type are shown. The flow 
separates at the rear of a car because the body is truncated. Two types of separation 
occur, characterized by the terms “quasi-two-dimensional” and “three dimensional”. 
Depending on the rear geometry, these two types of separation can be interacting. 
Both forms of separation are governed by specific parameters. For quasi-two-
dimensional separation, these parameters are boat-trailing, which is defined by the 
angles of the rear end. The dependence of the two separation types on their governing 
shape parameters will be discussed separately. Their interaction will then be considered 
when describing results from the specific car development programs. (Wolf-Heinrich 
Hucho, 1998, Thomas D. Gillespie, 1992) 
 
 
 
Figure 2.2: The three traditional types of car back and their essential geometric 
parameters 
